A particle tracing code was developed to study space-charge effects in proton or heavy-ion linear accelerators. The purpose is to study space-charge phenomena as directly as possible without the complications of many accelerator details. Thus, the accelerator is represented simply by harmonic oscillator or impulse restoring forces. Variable parameters as well as mismatched phase-space distributions were studied. This study represents the initial search for those features of the accelerator or of the phase-space distribution that lead to emittance growth.
Input Distributions and MatchingR
In the absence of space charge, a two-dimensional phase-space distribution is matched if it has the same shape as that of the trajectories of the outer-most particles. With space charge, if forces do not depend explicitly on time, it is possible to produce six-dimensional phase-space distributions, called equilibrium distributions, that are time independent and are matched to the accelerator, even if space charge introduces nonlinearities and couplings.
Equilibrium calculations give space-charge limits in terms of accelerator parameters that are useful scaling laws for space-charge dominated beams. Because the single-particle Hamiltonian is conserved, we have equilibrium if the distribution function is a function of the Hamiltonian.
f (x,p*) = F(H) .
(1:
For the function F, we choose one of the following F = const. x n(Ho -H)n-l , (2: where n is an integer. These are the same functions used in the original one-degree-of-freedom work by Gluckstern (5b)
The space-charge physics calculated by RZED is contained in the functions F(11,at,n), and G(1 ,a0,n). These space-charge effects are shown in Fig. 1 
